The phage T4-coded DNA replication helicase (gp41) forms a hexamer upon activation by nucleoside triphosphate.
Sedimentation and high performance liquid chromatography studies show that the functional DNA replication helicase of bacteriophage T4 (gp41) exists primarily as a dimer at physiological protein concentrations, assembling from gp41 monomers with an association constant of approximately 10(6) M-1. Cryoelectron microscopy, analytical ultracentrifugation, and protein-protein cross-linking studies demonstrate that the binding of ATP or GTP drives the assembly of these dimers into monodisperse hexameric complexes, which redissociate following depletion of the purine nucleotide triphosphatase (PuTP) substrates by the DNA-stimulated PuTPase activity of the helicase. The hexameric state of gp41 can be stabilized for detailed study by the addition of the nonhydrolyzable PuTP analogs ATP gamma S and GTP gamma S and is not significantly affected by the presence of ADP, GDP, or single-stranded or forked DNA template constructs, although some structural details of the hexameric complex may be altered by DNA binding. Our results also indicate that the active gp41 helicase exists as a hexagonal trimer of asymmetric dimers, and that the hexamer is probably characterized by D3 symmetry. The assembly pathway of the gp41 helicase has been analyzed, and its structure and properties compared with those of other helicases involved in a variety of cellular processes. Functional implications of such structural organization are also considered.